Background: Streptococcus pneumoniae (S. pneumoniae) is the main cause of febrile conditions especially among children below two years and the elderly above 65 years old worldwide. In Cameroon, the frequency of S. pneumoniae as the cause of meningitis varied from 57.2% to 56.2% from 2001 to 2012. The aim of this study was to determine the susceptibility to antibiotics of S. pneumoniae involved in meningitis.
Introduction
S. pneumoniae is a commensal bacterium of the human upper respiratory tract. However, it can cause invasive diseases such as septicemia, pneumonia, meningitis, and non-invasive diseases like otitis. 1 The World Health Organization (WHO) estimated that about 800,000 under-five deaths occurring yearly were due to pneumococcal infections. Ninety percent of these deaths were reported to be registered in developing countries, with pneumococcal meningitis presenting a high case fatality rate (36%-66%) in the epidemic meningitis belt. 2 Furthermore, this strain was found to be more difficult to treat than meningococcal meningitis and was frequently associated with severe sequelae. 3 Although to date, largescale epidemics of pneumococcal meningitis have not been observed in sub-Saharan Africa, its responsibility in the seasonal fluctuation of meningitis incidence in the meningitis belt area follows closely that due to Neisseria meningitis (N. m), known as the meningococcus. Incidence in the dry season has been up to ten times higher than in the wet season. 3 From 2004 to 2013, S. pneumoniae was detected in over 4000 cases of bacterial meningitis in the meningitis belt, representing 27% of confirmed cases. 4 Cerebrospinal fluid (CSF) was collected from only a few suspected cases, and because laboratory diagnosis is often difficult, the true number of cases was likely to be much higher.
Koulla, 5 in 1997, found S. pneumoniae in 58.3% of known etiologies of bacterial meningitis in the Yaounde Central Hospital. Further studies conducted in Cameroon from 2001 to 2014 reported an average variation of S. pneumoniae frequency of over 48.25%. [6] [7] [8] It was within this framework that the 13-valent pneumococcal conjugate vaccine (PCV13, Prevenar13 R , Pfizer Inc) was introduced into the Expanded Immunization Program (EPI) in 2011. 9 Kwambana found that Pneumococci expressing the serotype 1 capsule dominated the West African pneumococcal meningitis outbreaks. 10 Some studies reported that strains isolated from the upper respiratory tract of subjects in the Center Region of Cameroon were relatively sensitive to β-lactamines. 11 The increasing resistance of S. pneumoniae to penicillin and other beta-lactamines raises enormous challenges in treatment regimens. 12 Thus, the dissemination of S. pneumoniae strains with decreased sensitivity to penicillin constitutes a serious public health concern. 13 This calls for the establishment of epidemiological surveillance at every stratum of the health sector to enhance disease control and prevention. 14 The aim of the present project was to study the antibiotic resistance of some S. pneumoniae strains isolated from meningitis patients in the Mother and Child Center, Chantal Biya Foundation (MCC-CBF) Yaounde.
Materials and methods

Study design and data source
This was a cross-sectional survey that covered a period of 4 years (from April 2012 to March 2016). Register-based data from the Pediatric Bacterial Meningitis (PBM) Surveillance Network at the MCC-CBF Yaounde was used. This network was established in 2002 and followed up by WHO Regional Office for Africa (WHO-AFRO) and the Centers for Disease Control and Prevention (CDC). It involved children less than five years old admitted in hospital for suspected meningitis. The samples and isolates were cultured for identification and antibiotic susceptibility.
Ethical clearance was obtained from the Cameroon National Ethics Committee for Research on Human Health (Ref N°2016/04/749/ CE/CNERSH/SP). Inform consent was sought from the parents or guardians of the surveillance participants. Confirmed case: A suspected meningitis case that is laboratoryconfirmed by growing (culturing) or identifying a bacterial pathogen in the CSF (by Gram stain, antigen detection, and/or immunochromatography). 15 It can be accompanied by a positive blood culture.
Case definition
Sample collection, bacterial identification, serotyping and interpretation
CSF collected by clinicians from suspected meningitis participants were received and transferred immediately to the laboratory for bacteriological analysis. The latex agglutination technique (BIO-RAD Pastorex tm Meningitis) was used to detect soluble antigens of N. m, S. pneumoniae and H. influenzae type b. The immunochromatographic test (Binax Now® Alere) for the rapid detection of S. pneumoniae antigens was also carried out on positive soluble antigens.
Bacterial culture was done in appropriate test media for confirmation and isolation of cases. A quantity of 1ml of CSF was inoculated into the Trans-Isolate (TI) medium (HiCombi™ Dual Performance Trans Isolate Medium LQ109) where a needle blocked with cotton was inserted for ventilation. The TI medium was well mixed, and a drop was transferred into Trypticase Soy Agar (TSA) +10% of fresh sheep blood and chocolate agar plus Isovitalex, streaked and incubated at 37°C in a candle-extinction jar for 18 to 24 hours. The organisms were identified using conventional methods (colony morphology, Gram stain, optochin susceptibility, Binax Now®, catalase test and bile solubility test for S. pneumoniae). 16 Protein and glucose levels of the CSF were also measured. An aliquot of the specimens and strains conserved in Brain Heart Infusion (BHI)+25% glycerol was shipped on dry ice (−80°C) to the WHO Regional Reference Laboratory (RRL) hosted at the Medical Research Council, Gambia (MRCG) for serotyping. The rest of the CSF was aliquoted into cryotubes and conserved at -80°C for later use. 17
Antibiotic susceptibility tests
Disc diffusion susceptibility testing was carried out for 35 strains according to Clinical and Laboratory Standards Institute (CLSI) guidelines.. The antibiotics tested by this method were: oxacillin (Ox 1µg), ampicillin (Ap 10µg), cephalotin (KF30g), erythromycin (E, 15UI), clindamycin (DA, 2µg), vancomycin (VA, 30µg), tetracycline (TE, 30µg), rifampicin (RIF, 2µg), norfloxacin (Nor, 10µg), levofloxacin (LEVOF, 5µg) and doxycycline (D, 30µg) (BLVD Disk Sensi-Disc BBL (Becton Dickinson)).
Ceftriaxone may be used to treat pneumococcal infections; however, reliable disk diffusion susceptibility tests with this antibiotic do not yet exist. Its in vitro activity is best determined using a Minimal Inhibitory Concentration (MIC) method. 18 For the determination of the MIC of penicillin G, ceftriaxone and chloramphenicol for the same 35 strains, the gradient strip Etest® susceptibility method was used according to the manufacturer's instructions (BioMérieux, Marcy l'Étoile, France). 19 The criteria for interpretation were those provided by the CLSI. 20
Quality control
The reference strain, S. pneumoniae ATCC 49619, was included on each day of testing. Results of susceptibility testing were accepted if the results of the control strains were within published limits. 
Statistical analysis
The data obtained were entered into a data form and analyzed using Excel 2013 (Microsoft Office, USA) and SPSS16.0 (SPSS, Inc, Chicago, IL, USA). Two-way ANOVA (Tukey) and One-way ANOVA were used when appropriate.
Results
A total of 6449 CSF was received from subjects with clinically suspected meningitis from April 2012 to March 2016 within the context of surveillance of pediatric bacterial meningitis. Out of these, 384/6449 (5,95%) were detected as being probable cases and only 91/384 (23,69%) cases were confirmed. Of the 384 probable cases, 362 (94.27%) were tested for soluble antigens and 45 (12.43%) specimens were positive for S. pneumoniae.
The following 91 bacterial strains were identified: 60 (65.93%) S. pneumoniae, 9 (9.89%) H. influenzae type b, 2 (2.19%) N. meningitis and 20 (21.97%) other germs (10 Streptococcus type B, 3 Klebsiella pneumoniae, 2 E. coli, 2 Staphylococcus aureus, 1 Acinetobacter baumannii, 1 Serratia liquefasciens, and 1 Salmonella sp). Among the 60 identified S. pneumoniae, 45 were positive for soluble antigens and 51 were culture-positive strains. Table 1 shows the demographic characteristics of children aged less than 5 years infected with bacterial meningitis. Of the 91 patients with positive CSF, 51 (56.04%) were male and 40 (43.95%) female. A twoway ANOVA was conducted and there was a statistically significant difference between the two groups, F (4,4) =1389,519, P=.000. The patients's median age was 14 months. Of these, 20 (26.50 %) were less than 6 weeks of age and 54 (59.34%) were less than one year old. The age has a significant influence on the infection to the different bacteria (P<0,05). There were 15 deaths due to S. pneumoniae, giving a mortality rate of 16.48% The number of children who recovered after the bacterial infection is significantly higher than those who die (P<0,05). This mortality was higher in the first year of life (10/15-66.66%) compared to the next four years (5/15 -33,34%). S. pneumoniae was shown to have a higher mortality rate than the other germs. Diagnosed meningitis cases showed clear seasonal variations, with three peaks in March, July and December, all within dry seasons. It was found that 19.60 % (10/51) of the confirmed and serotyped pneumococcal meningitis cases were attributed to serotype 6A/6B (Table2).
The global susceptibility profile (Tables 3 & 4) shows important resistance to penicillin G (42.85%), oxacillin (51.42%), tetracycline (60%), trimethoprim-sulfamethoxazole (85.71%) and moderate resistance to ceftriaxone (8.57%). Overall, 15 (42.85%) of the isolates were non-susceptible to penicillin G (penicillin-non susceptible S. pneumoniae [PNSSP]). Our isolates were highly susceptible to ampicillin (88.58%), third-generation cephalosporins (91.43%), rifampicin (79.16%) and vancomycin (100%). MIC50, minimum inhibitory concentration required to inhibit the growth of 50% of isolates; MIC90, minimum inhibitory concentration required to inhibit the growth of 90% of isolates; R, resistance breakpoint; I, intermediate breakpoint. 
Discussion
The mortality rate observed in our study was 16.48%. This was lower than the 27.4% reported by Bonin 21 in Cameroon in 1985. It was close to the 21.8% found by Gervaix 7 in 2012 and the 18.7% found by Nguefack. 8 The most vulnerable age group was those less than one year old, which represented 66.6% of deaths. This vulnerability within this age group was also found by other authors (2; 12). Some 20 (21.97%) children aged less than six weeks (one month and a half) were found to be vulnerable. Because of their age range, they were not eligible for the antipneumococcal vaccination. They may represent a reservoir for pneumococcus. Mezghani in Tunis, over a period of eight years, found 10.7% cases of meningitis due to S. pneumoniae in children less than one month old. 22 Swann in Malawi found the bacterium in 36.7% of children less than two months of age. 23 These results underline the importance of pneumococcal immunization. It is hoped that herd immunity will protect the unimmunized population of young infants less than one-and-a-half months of age. 23 Both non-PCV13 Serotypes 12F and 35B meningitis were found from the study. Serotype 12F in particular is emerging as an important cause of invasive pneumococcal disease with the propensity to cause outbreaks. 10 The global resistance profile showed resistance to penicillin G, erythromycin, tetracyclin and trimethoprim-sulfamethoxazole, with PNSSP at 42.85%. These are the antibiotics commonly used in auto-medication as they can be obtained without prescription at non-conventional pharmacies. The extensive use, misuse and abuse of antibiotics have been identified as persistent promoting factors of drug resistance in developing countries, where access to drugs is poorly controlled and the level of self-medication remains high. 24 Susceptibility to penicillin was found to be at 57.15%. The isolates were 91.45% sensitive to ceftriaxone and 77.15% sensitive to erythromycin. In a systemic review in Asia, Mamishi found that children younger than five years old were more frequently infected with penicillin-resistant strains. 25 Iliyasu in Maiduguri (north-east Nigeria) cited Akpede who, in 1994, reported a penicillin nonsusceptible rate of 67% among pediatric pneumococcal isolates. 26 In South Africa, from 2003 to 2008, a decrease in sensitivity to penicillin and to ceftriaxone was observed (43 and 8%) respectively. 27 In Malawi, the isolates were all sensitive to ceftriaxone but a recent study suggested that S. pneumoniae became less sensitive to this antibiotic. Within the same period in that same site, the sensitivity to erythromycin decreased from 75% in 2001 to 35% in 2011. 28 In Mozambique, 88.2% of strains were resistant to penicillin while all serotypes were susceptible (100%) to ceftriaxone. Susceptibility rates for erythromycin, chloramphenicol and tetracycline were also found to be 76.5%, 64.7%, and 35.3%, respectively. 29 In this study, resistance to most other antibiotics was more frequent in the PNSSP isolates than in the susceptible isolates. Pneumococcal antibiotic resistance is even more worrisome in developing countries because PNSSP strains are often multiresistant and because alternative antibiotics (e.g., third-generation cephalosporins) are expensive. Little data exist on empirical treatment guidelines in low-income countries and on the fact that there are high levels of resistance to many commonly used antibiotics. 30 However, empirical antibiotic usage data revealed empirical prescriptions of trimethoprim-sulfamethoxazole, penicillin and ceftriaxone to which resistance was observed among our isolates, just as in four health facilities in South West Nigeria. 24 This finding also confirmed the role of antibiotic usage in the emergence and spread of drug-resistant pathogens in endemic populations. Cameroon, like Nigeria, is one of the populations in which antibiotic usage without prescription or with empirical prescription is high. 31 The current study had many strengths: investigating pneumococcal resistance and mortality, the potentially stable findings, the relatively large and clearly defined study population, the long study duration, the consistency of case definition, and the diagnostic techniques in MCC-CBF. Nevertheless, some limitations are acknowledged: all strains could not be tested because of the extreme fragility of pneumococcus that autolyses. Only patients received at the MCC-CBF were included, which does not reflect the general population of Yaoundé. With the introduction and continuous use of antipneumococcal vaccines, notably the 3 free doses of the conjugated 13-valent vaccine in July 2011 in the EPI in Cameroon at 6, 10, and 14 weeks of age, 9 it is hoped that the proportion of strains resistant to antibiotics will not flourish but decrease. It is important to monitor the resistance of S. pneumoniae to ensure that the recommendations for the presumptive treatment of meningitis and the other Invasive Pneumococcal Diseases (IPD) are taken into account.
Conclusion
Among children aged less than five years, those less than one year old suffered most from the risk of pneumococcal meningitis, especially those less than six weeks old, who are not eligible for vaccination. The predominance of S. pneumoniae was established. The frequency of resistance to penicillin G was high, while it was moderate for ceftriaxone. Therefore, our findings are usefull for health education and promotion for antibiotic use. We warn against the empirical prescription of antibiotics (particularly drugs like penicillin, trimethoprim-sulfamethoxazole, tetracyclin and chloramphenicol) against S. pneumoniae infection in our setting. In a situation where empirical therapy is inevitable, the use of third-generation cephalosporins plus vancomycin is recommended.
